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CdMPLBTB SPEanCATlON 

Expandable ThermoplaAtio Polymer Particles containing 
Volatile Fluid Foaming Agent and method of 
; mahlng the name 

— - p«nJdet harinj. • gencnlly^ cup-U)t« " 



. We, The Dow OfSMica. COMfAHV, ■ 
Corpontioa or^uund tod exitting under the 
Li vs of the Sute sf Delaware, United States 

5 ^ State o{Michipja» United States of Aineridi, 
do hereby drcUre ihs jaWntidn, for'v^ich^we 

. ' . pray that a patest mry be graated to ua»' aacS 
the method by vhitJt \i is to bi^ {Wuforrndd, to 
be particularly dcsc/ilgd in aad by the foUoW- 

10 ing iuierr>em:— ;^ 

This tnyemion ftiates u*i:r-<- oartklet. ft 
more particulaHy itlatea to pUatic particles 
vvhich h«ve ipcorporated ihtreia a diacrf f e 
liq JJ' phtsc t9 mster^!; prepare there- 

15 frt?m. 

One the major diaadyantagea of the prior 
method t of making the fo».T^ therTnepjasttc 
prodiicu known to uSi an ii *hv inherently 
the cell size oC the foamed plastjc material is 

20 relatively lar^t aad that~the partkles them- 
•elvet are not readily, available commerdaUy 
id sizei suf5cieatly mall for lOfnc applications. 
In many liiMancrt ■ it is desirable to have 
available an inrpaodaow thermoplsitl: rr^inoua 

25 material which is capable of forming a uniury 
cellular bodT having a small ctU size and cap* 
. able of cofuortoing to, mimite variations of a 
jnold cavity. Further, til wciiid be advanugeoua 
and beneficial to have available a thermoplastic 

30 rrsinoiis, particle or bead which ts capable of 
esparidihg iiitd a single cell when required. It 
Would also be bendkial if there wtrt available 
a method of 'fabricating thermoplastic resinous 
[PricM 4t. 6d,] 
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gcner^Iy spherical um-like configuratioo. 35 

In accordance with this invention thCK beae- 
. fi'^^r iTt •'■Kji^f*** Hr nrnviHinr • monocciiuisr 
thennoplastic resinous panide having encap- 
sulated therein /.discrete portion of ai least 
. one non-polar liquid, Volatile blowing agent for 40 
uid thermopUstic resinous particle. • 
. Further features aind . advantages oTtbe ia- 
ventipQ will become more apparent from the 
following ipeciiicat ton when taken in coo* 
nectioh with the accompanying drawings 4f 
whcrtio: 

Figure 1 depirt! a thermoplastic resinous 
psnicle in sccoraance wiu um 

Figure 2 illustrates apartkle la accorua^^c 
with the invention ofter heat-treating; 50 

Figure ? iUustrates an alternative embodi- 
ment of a^nicle accordance the lo- 
veniiooj 

Figure 4 is a seaionai view of a particle of 
Figure 3 after heating; 35 

Figure 5 illustrates s seaionai view of a 
particle in accordance with Figure 4 contair>- ■ 
jng an additional feature; 

Figure 6 is a sectional view of « body com- 
prised of crpandcd panicles of Figure I; 60 

Figure 7 depicts' an article having a coating 
cmp^ing particles of the invention; 

Figure ft depiai« a Khematic enlarged 
sectional view ox a coating such as in Figure 
7; and ' 65 

•Figure 9 is a schematic enlarged secuonal 



view of ihc coiting of Figure 8 in expanded 
/ortn. 

In Figure 1 there ii llJuJtrited t. tectibnal 
view of « panicle generilly detignatcd by tJ« 
reference numeral 10. the panicle 10 com- 
priiiej ih'e ihennoplaitic rctinoua, generally 
•pheHcal iheJI 12. The •heiri2 definei ah ouur 
spherical Mirfaoe 14 and an inner spbciical 
su^ace 15. Cbafined within" the tpher'icil tur« 
10 fa^ 15 ii a nen*pplar liquid btowing tgent 17, 
and th« blowing agent 17 fiUi a reajor ponion 
of tht oivfty dcflned by the inner turfacc 15 
lAd^terv^ to periiaJly define the vipor ipace 
18. The pirticfe 10' ii of generally lymmetrical 
*' tpherical ccftfiguittioa having the inner surface 
15 tad the outer iiirface 14 In a generally 
concentric arrangeirent. 
^ la Figure 2 there la illustrated a kctional 
view of a monocdlulAr pinicle or monocell 
20 feoertllv designated by the reference numieral 
20 which comprises a body 2 1 of thermoplastic 
rtsboui materia), the body 21 ii in (he form 
of a geoerally spherical shell having' an outer 
turface 23 and aa inner surface 24. The inner 
2S ffurface 24 deflhet a space 26. Thie panicle 20 
_ of Fifun 2 It formed by heaung I panicle, 
such u particle to of Figure X to a temperature 
, suftciently. high to permit plastic flow of the 
^ wall 12 sintd to vaporise at least a ponied" of 
30 the blowing agent 17 sufficient to provide 
adequate pressure to deform ihc sphcrioil shell' 
12 of Figurt rimo the shell 2t of Figure 2. 

Oo cooling of the shell 2l, the thcmio- 
pUstk resinous nutcHsi; no longer will y flow 
35 And deform and it reuiiis its increased dimea- 
sioa» while the blowing agent tends to condense 
and results in a reduced pressure within the 
particle. Usually oo espansion of a particle 
such aa 10 into the configuration of the particle 
40 such aa 20^ the pressure wjthiA the space 26 
will usually be leaa than the atmoaphenc pn»- 
. sure surrounding the mu'er surface 23 of the 
. sheU 21 and the waU thickness of the shell 21 
thea govcma the rate at which the higher 
45 pressure atmosphftre outside the expanded par* 
tide 20 diffuses through the wall and into the ~ 
. space 26, Frequcatiy, the' raising agent simuN 
uacously dimisea put of the ^amcle as the 
atiaosphere or , air surrdurtding the panicle 
50 difTuaea in. Gerterally, the expanded panicles 
00 storage xttiA to lose their blowing agent to 
the auiMjisphere. 

la Figurt 3 there ia illustrated a sectional 
view of aa alternative . embodiment of the 
55 iaviestioa Whereia a raeraily spherical particle 
30 coffipriaci a shell 31. defining a generally 
spherical outer surface. 33 and an inner surface 
34. The iaacr surface 34 defines' a ^yity or 
space 36 haying disposed therein a non-potar 
60 volatile blowing agent 37 and a vapor space' 
38. The apace 36 is not dtsjposed concchTricslly 
. with' ihe owter turfBcie 33, thus providing the 
_ shell 31 with a heavy or thick wall ponion 39 
and a thtn wall portion 40. the psnKic 30. on 
#5 hieating to a temperature sufficiently high lo 



prnmoie pliiiic flew in the ihctl 31 and to 
, vols tilire the blowing sgent, fofms * oanlcle 
such' as panicle -43 of Figure 4.% 

Figure 4; li a sectional view of a panicle 45. 
The" panicle 45 has a ierwrally sphcrfcai cup- 7 
like conrtguntjon. The body portion 46 defines 
an exterior surface. 47 and an interior surface 
48. The exterior lurface 47 and the Interior 
surftce 48 dcAne an opening 49 to the space 

In Figure 5 there is illustrated a sectional 
view of a particle generally Indicated by the 
reference numeral 35 which U similar to the 
panicle 43. The. panicle 55 has a wall ponion 
36 defining in interior cavity 57 and an open- >■. 
ing 38. Disposed within the cavity 57 is a 
liquid 39. The liquid 59 luiubly may be any 
desired titatertal which la nooTcactivt with or 
a non>solv<ent for the uSermoplattlc resinous 
material of the panicle 55. h 

In Figure 6 there is deplaed a sectional 
yiewof t body 62 of partlclei 63 which are 
formed by the simultaWous expansion and 
adherence of the panicles 63 to their adjacent 
neighbors. y 

fa Figure 7 there is illustrated an anicte or 
coniainer generally designated by the reference 
numeral 70. the container 70 compnaes an 
exterior wall portion 71 defining a cavity 72. 
Disposed peripheally about the wall ponion y 
71 is an adherent coating 73 conuining a 
plurality of expandable thermoplastic resinoua 
panicles having encapsulated therein a liquid 
blowing agent. (Relative site of, panicles is 
greatly exaggerated for clarity). i, 

In Figure 8 is an enlarged schematic crosa 
knienal view of a substrate ^0 having on orte 
aurface thereof a coatmg 81. The coating 81 • 
comprisea a* thermoplastic itaiaous binder 
having contained thereia a plurality of expand- U 
able panicles. 

Figure 9 depicts an enlarged achematic sec- 
tional view of a substrate 80 having oo one 
inaipr surface thereoTa coating 81' comprising 
a binder, 82 adhering together a plurality of 1 1 
panicles .20. The costing 81' of Figure 9 ta 
readily achieved by heaung the coatmg 81 of 
Figure 8 to a temperature at which the par- 
tic:es'as shown' in Figure 8 expa«t to form the 
panicles 20, 

Particlea ia accordance with the invention 
are readily pnptnd from a wide variety of 
materiala. Advantageously the particles la 
accordanire with the iavenuoa are usually pie- 
pared by providing an aq:ueoua dispersion of 1? 

(1) organic monomeric materiala suitable for 
polymerizauoQ to a thermoplastic resinous 
material having the desired physical propenics, 

(2) a non-polar liquid blowing or raising agent 
which exerts little solvent action on the result- 12 
ing polyrncr, which is emploved la a quantity 

in excess of that which ia aolubte in the poly- 
mer.' snd (3) a dispersion' ttabiliiing matcnal 
which is utilized to mainui^. the dispersion, 
subsequently polymeriaing the monnircric 13; 
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mAieriftl .to lotld spherical panicles having a 
qiuntilT of the liquid blowing agent et)cap9U- 
Uted thmifl «• a distinct ind Mparate phaie: 
A «ld« vtriety of organic materiatt may, be 
\ cmpJoycd with .advantajtc ia the practice' of 
^ the intentloo. Typical ol these ire ttte aUttayl 
aroinaifc mohomcrt. Uy the term "ilkenyl 
aroniatk mononicn** is met ni a compound 
having the gieaeral formula: 

I Ar— C- CH| 

' ii 

vhertitt Ar rtpresesta aa aromatic hydrocarbon 
nd^l or an ahxnatlc hilohydrocarboia radial 
of. the benzene series. Examples ofsuch alkchyl 
aromatic fnooomeri arc styrcne, o • methyl- 
nyrene, m - methylstyrene, pi • methyUtyicne, 
e^hyUtyivne, af • vinyl - xylene, ar - chlbr> 
styrae or ar • br om oity ij | ic . Various other 
siyroe dcnVed compounds may be employed 
tuch vinylbcazyfchloridc and ^ • ten. - 
bugrUtyrene, 

The acrylate morwmcrs alone or in com- 
bination with the tlktriyt aromatic monomers 
Biay alio be utilized. Such acrytate-rype 
monooaen tochMje monomers of the formula: 
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whcrtin R is hydragcn or an alkyt radical con- 
taining frpitn I to 12 carbon atoms and .R': is 
hy d r og en or methyl Typical acrylate inaterials 
which n>ay be used are methyl methacrytate« 
ethyl acTytscet propyl aery late, butyl acryUte, 
bvttfi methacrylate, propyl methaoirUtc, tauryl 
acrttatep 2 cthylbexylacrylate, and ediyl 
methacrylate. 

Copolymers of vinyl chloride and Vinylideac 
chloride, acinrtonlcrile with vinyl chloride, vinyl 
bromide, and similar hatogenatcd vfh^l com- 
pounds may be incorporated in compNositions in 
aixbrdance with the invention. Esters, siich as 
the vfaiyl esieh having the formula:, 

Ot 

Off CH-O— C-R 

wherein R i| an aUcyl radical containing from 
1 to 17 carbon atomi, may also freqiienily be 
cfflplo^ with benefit. Typical mbnomen fall- 
ing within this classification arc vinyl' acetate, 
vinyl bumate, viny) ; stearate, vinyl tauratc, 
vixiyt nrmycate, and vinvl pippiociite. 

Hmr ftrially;,. In oerraui iiutahoca and when 
using, specific dispersing agema, il ls' frequently 
adVamageoui to incorporate in the polymeric 
material a' portion of a. copolymerizabk acid' 
to further imptovc the geometric form of thie 
particles in accordance with the invention and 
oftcntimea provide increued adhesion of the 



resultant polymeric particles to various poUr 
surfaces such as metal and wood. 

Typical .copolymcrizible acids are acrylic 
•cjd* mcthacr>'Hc acid, itaconic acid, dtrtconic 
acid, mateic acid/ fumaric Kid, and vinyl- . 
benzoic add. 

A wide variety of non*poUr blowing or 
railing agents may be incorporated within the 
polyriienzaiioh system. .Tl^ey can be vnlaiik 
fluid -forming a gent I such as aliphatic hydro- 
carbons including ethsnie, ethykne, propane, 
propene, \ butene,!. isobutcne, neopenune, 
;acetylenie, hexane. heptane, or mixtures of one 
or more such aliphatic hydrocarbons having a 
rhbtccular^vight of at least 26 and a boillnf^i 
point below the range of the softening point Of 
ihe'iesinous msterial when uturatcd with the 
particular blowing sgent utilized. 

Other suitable fluid-fonninj agentr are the 
chlort}5uoro>carbbns. e.g. CQ,F, CQiFt, 
CaP„ CaF,-CaF, CF*— CQF, and 
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CF,— CQF and tctraalkyl silanes such as 75 

i:p,-ixiF 

tetramethyl silane, trimcthylethyl tiUne, ut- 
methyltsopropyl sifane and trimethyl-n-propyt 
si lane. The boiling point of such blowing agent t 
at atmospheric pressure should be in about the 
ume tempcraturv range or lower than the 
softening point of the resinous material em- 
ployed. 

suspensions of moaomeric materials for the 
preparation of particles in accordance with the 
mveotion irr usuallv made employing a sua- 
pcnding agent s\kh as water-soluble gum e.g. 
methyl cellulose, , gum bar, .hydroxypropyl 
jnethylcetlulose, carboxy methylnllulese, col- 
loidal silicsi, .and colloidal clay*. 

Usually, in order to initiate polymerization, 
a. suiuble catalyst, preferably of the oil-solubte 
variety, is incorporated within the mooomeric 
system. Suitable catalysu inchide peroxide 
compounds and high eiKrgy ionizing radiation. 
Suiuble organic peroxides include benzoyl 
pcrpxKle, tauryl peroxide, tert.-bvtyl peracctate, 
tcrt.-buty] perbenzoate, cumene hydroperoxide, 
arid cumene ethyl peroxide. 

In preparing the particles In aecordanct with 
the invention, itjs desirable, although isot 
nccriiary, to exclude oxygen and similar free 
radical cKaitt-terminating materials from the 
system. This is readily accomplished by flush- 
ing the syiteni with an inert atmosphere such 
u nitrogen. 

Generally, in preparing the aqueous div 
pcnibns to be polymerized in accordance with 
the invention, 0e rnonotxier and blowing agent 
constitute a major, portion of the oil phase and 
ire incorporated with water in a ratio of from 
.1:1 oit-phase-to-water to 1:6. Usually, the 
suitable dispersing agent ia incorporated within 
the water phase and the monomer, blAwing 
agent, and catalyst are mixed. It is bien^Ual 
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10 provKic violent •gitBifon if the icsuJunt 
ptnicitt Alii desired to hive a until diameter. 
, U eiirtmcly vrull p^niclei in dciiredt' ii 
may be nKcuirf to tac • hbmogchiicr or 
tjfnii*f device ia order to obuin uniform cbh- 
irol of particle »iae.-Ir U-frequiehily bcnencial 
to utitixe a limited cotJeicence technique aj 
dcacribed ia Speci/icaiion 802,061 in combina- 
tion with a meciiaaicai hbmogenizer or limilar 
device* that will lubieet the diipenibn to con- 
djiiijoi of high ahear prior to polymcmatibn. 
L«nf a limited coalescence technique droplets 
may be produced haviflf a particle- tize of 
from J to 50 microoa. 

^TKere are varinis addiumchts which may 
^ pc^Traerixatioa lyitem, Encip- 
lulaupo of a blowing agent niay be obtained, 
.^hert the iaitial naooomef charge contains a' 
polymer dissolved thexeia, for example, 10—15 
percent by weight polyjtyrcae is readily dis- 
wl^d IB methyl BBCihacrylite tod ia polymer- 
«od in tccorttoce with the examples of this 
<pphcatiqa. Scabaizen» lubricants and similar 
tubaiance, which oftcatintca ire desirably in- 
coTpormted into polymeric maienais may be 
added with the ihonocaef or blowing aeem u 
desi red, ' ■ ^ , J 

The order of ihc addition of the constituents 
to Che polytneriadoo tmiaUy ta oot critical, but 
oeneficiaily it a more conveniem to add to a 
vend, the water and diapening agent, then 
add the blowing agent to the monomer, and 
incerporatc the oil-aotubte catalyse in the 
monomer riuzture, and fubaequebily add with 
agiutipn the monomer phase to the water 
phase. The blowing agent or nising agcist must 
be pieaeat th A proportion which exceeds the 
solu^nUtf^of tiidi an agent in the polymer 
formed. The prbpenioa of blowing agent 
wuiUy b about 20 to 30 weight per cent and, 
>eoe6cialiy, ii m fess than about. 20 e.g. frbrti 
,20 to 95 and pieferably from 50 to 95, volume 
percent baaed; on tKe total volume of the poly- 
mer and blowiac agent. When suitable blowing 
egenu having dcmble solvent characteristica 
,/or the mboomer system beia^ - utilized are 
eopl^red in quaadtics Icei thaa 20 vblimse 
percent, that i^ baaed on the volume of the 
oU phaae, separation freqikady fails to occur 
«nd particles snalkr in diameter than about 
.40 m»crm do not expand on heating, 

GeDerally, for most spplications, it is desir- 
able to piepaec a bead having ad extremely 
small diameter such u from 1 micron to 30 
microoa and, adrantageously, between 2 and , 
10 microna. Such beads or particles having a 
imaU diameter ar^ readily m^ed into shaped 
srticles haviog.a «nobth uniform texture, excel- 
lent insuiatioo value, and high hrengih. Small 
paruclea are readUy dispemd in gases such as 
iir to prepare planic smoke or log. However, 
if dcaired, larger particles are readily prepared ' 
by utilizing a suitable suspending agent! Bene- 
ficially, on polvmerizaUon of a droplet of . the 
desired size, the monomer, or monomers, as 
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the caie mty be. polvmerize to form i polymer 
jhell.iuch as the ihell 12 of Figure I surround- 
.,'ing a dhtinct snd Kparate liquid phaK of the 
blowing ij^ent, which Is forced out of the mono- 
mer-blowin^ sgen'i mixture of the bead as 
. poipteWzatioQ prog.tSKs. 

Genenlly. "tn; "order to prepare the- lym- 
metrical beads is ihbwn in Figure 1, it is 
desirable to incorporate within the monotner 
mixnjre copolymer itable polar systems, for 
example,. if a ooii- polar rnonomcr ta being poly- 
merized such at ttyrene, in order tq assure that 
a rtujoriry of the panicles produced from the 
polymerization have a uniforrn wall thickness, 
. , n is generally desiraNe to incorpora^ from 1 
percent by weight of ihe monomer to 10 per- 
cent by weigh| of the monomer of a copolymer- 
; iuble polar system such as methyl meth- 
acrylate, acryljc acid, fymaric acid, and vinyl 
aceute. 

When polymeric materiali are utilized which 
have sofiemng points below 50*»C, such w 
polyacrylaies or icrylatc copolymers which have 
a plaiciciziiig monomer incorporated therein 
such is 2 - ethylhexylscrylate, careful handling 
of the produ« is required. After polyraeriza- * 
lion in a pressure vessel if the product ia to be 
isolated as an uiwipandcd panicle the tcmper- 
, ature of the reaction mixture, and the atmo»- 
phero in which it is being handled, must be 
at least 5« below the softening temperature 
of the polymer. Otherwise, expansioo will 
^occur when the pressure is released from the 
polymeriutibn vessel. In many insunces where 
ihe.desired product is the expanded bead, the 
polymerizauon vessel may be vented at a tem- 
perature abo»e the softening temperature of 
the polymer and a slurry of expanded particles 
obtained whic^are readily separated from the 
liquid by ffouti^a snd dned by centrifugstion 105 
and sunilar cdbveniional methods. ' 

The cbpofynien of styrene with from 1 to 4 
percent by weight methacrylic acid^-sod the 
copolyineri of styrene. with 10 to 80 percent' 
acryl^thle are panicutarly adTantageously 
employed. These compositions, when polymer- 
ized in accordance with the in venuon, provide 
a product which consists of about 100 percent 
spherical particles having symmetricafly en- 
capsulated therein a blou ing agent. Also advan- 
tagei9us are those ityrene copolyq^ which 
provide symmetrical encapiulatioo in at least 
80 percent of the panicles prepared. These 
polymen are copolymers of styrene with from 
'^-r*0 pcroem hy weight of vinyl bduyl 
chlonde, also copolymers of styrene and from 
.1 to 8 perctat by weight of acrylic acid. 
Copolymers of atyrenb and 2—10 percent of 
icryloaitnle also provide a product which 
snowa over 80 percent symmetrical encapsula- 
tion. At least 80 percent symmetrical ocap- 
luJauoo is achieved in ;uiiliiing a polymer of 
acryloni^rile. with from 7 to 60 percent by 
weight of yinylidene chloride. Vinyl benzyl 
chlondc fnd copolymers of onhoi<hlorottyrene 
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«nd ii p»nicMlMT\y advima^eout for the incor- 
poration Qf addirVmenii into plastic masici 

1' tn which .the »4dIUT«m ofteniimw li "'not 
' ftidily diipenJble and yet lubsrantj ally ,uni- 
5. ' forrri ditpenion ft required, Such panicles alto 
lerve other unique functloni ' luch *% dye 
carrieri Vhereio a diipenlpn oS the dye ill a 
liquid It iftcorporited within ' the cavity, ihe 
particlei dried to remove alt moisiurv, and the 

to outer liirf aces potlahed by limibling, tHua 
resulting in a mau ot am all panicles; each cpn- 
./tainihf a ponion of dye and preKntidg a cicaa 
. exterior t\uft<e. U luch dye ta a water*i6Iuble 
dye, the plittctci are rtadily addieid to water 

15 and the dye readily dissolved therefrom. 

Expanded beads or pariJctes prefehbty those 
having diameters of 0.3 to i^O niicroni^ in 
accord t nee with Ui« present -tnventlon ar^ 
- rtadi'v incorporated In coatings. This oftcn- 

20 times . is more re*dily done by pre/baming; or 
expanding the beads Into Individual sphencai 
panicles and subsequently admixing them . in. 
4 suftabte biader. 'Such a binder can be'pbe 
of ti« bcqber type, that Is a binder dissolved 

25 in a solvent, or tt can be aa aqoebiis ditperijon 
of a film forming polymeric material or evea 
an aqueous solution of a filn forming material. 
The precise and particular type of binder or 

* . Vehicle for. the expanded particles. will depend 

y> upon . the particular composition of . the 
expanded particle which is utilixcd. Generally 
the vehicle should be of such nature that it 
dbei not chemtcally attaick or physically deform 
the . expanded panicles and kUowi thcrh to 

35 remain in the finished coatiiig a$ distinct 

Ehysical entities. The relative amount of ! the 
_ inderefnptoyed in the vehicle will be depend* 
. eht upon tW jpropenief desired in the resultatit 
cbitinp. For example, if a poAus bulky dbating 
40. Is desired the propoirtioo of binder is matn- 
uined suffibeouy snuU tha\ the panicln^^ 
adhered together primarily, at tbetr points of 
contact and tniufncient biad^ is provided to 
fill the imerstitiat spaces betweeii the partictes. 
45 .If an trnpcrvious coating is desired a Urger 
quantity of binder is employed which results 
. ' ; in a plurality of hollow spherica! particles 41*" 
persM within a matrix, of the . binder.r In 
/ . choosing.,a vehicle for a particular polymeric 
50 composition of expanded bead tt is necessary 
that the vchkle should not ^rxcrt a strong 
'solvent action upon the panicle. Otherwise the 
instilaitng and other desirable propenies of the 
coating which are achieved by using the hollow 
55 beads is destroyed and . the rcsuitaht coating 
. will be 00 more than that which is Khieyed 
by dissolving aa eqtiivalent amount of polyirier 
' in the rehsclc and depositing it as a hcquer or, 
crushing the .beads prior to dispeiial In the 
"60, vehicle. Coatings which utiliie the hollow 
' spheres tend to be excellent light dispeniog 
media ai they provide a Urge 'ttumber . of 
internal surfaces, each' of the surfaces being 
curved. ^ 
15 Suitable coatings formulated with expanded 
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panicici In accordance with (he Invention pro- 
vide thermal inaulaiion .as.well as a g<±KraUy 
, attractive appearance. Jht thickness to height 
Utio iucn coaiingi is generally lubsumlally 
and signtlUstitly greater than uaua) coating 70 
mHtcriali ihui providing ihiulatloo and resist- 
anc'e' to degradaiion by*suniight and slmilir 
radiation. IkncriciaHy ternporary coatings are 
easily prepared by utiltzini; a water soluble 
binder. By way of illustration the expanded 75 
panides may readily be dispersed in an 
aqueous system utilizing a water soluble poly- 
meric material For example, expaittded 
panicles In accordance with the taventjoo are 
, readily diipehed in an aqueouf system coo- 80 
taining a water soluble polymeric material luch 
as .water, soluble hydroxypropyl methyl 
celluloseV sodium carhoxy ccUuio«e» and gum 
.Sgari As with other coatinp iitilizifi| the 
panicles of the bvcmion it may be appbed by 85 
spraying, dipping, rolling, brush and the like 
and 6b drying pro v idea , thermal iasuladoa u 
^weU ' as protcCuon . from radiation. Howe>«r, 
? when the coating' is no longer It ia readily 
removed by flushing wfih water. Among the. 90 
penhaneni coatspgs one niay utiliie a aoUitioo 
of a thermosetting material such u • pheool 
forniakkhyde resin in water nr suluble solvrot 
. which provides a coating; that la not readily 
^ attacked by either water or organic solvcau. 9$ 
Suich insulating coatings are advantageously 
used in . many appticaiiona IncludirM. piping, 
dua work, walls, and the like. The water 
soluble coatings niay be utilized for temporary 
frost protection on plants such u fruit trees lOO 
and flowers. 

Alternatively the unexpanded panidea are 
readily incorporated into a suluble vehicle 
containing' a binder which, must loeet the 
limitations of a vehicle for expanded partidea lOS [ 
but in -addition must be thermoptattic. Where 
^ the unexpanded panicles are employed^ ia i 
' coating with thermoplastic^ binder, heatmg of 
the dricid coating causes the particles to 
expjind and provide a foamed coating, no 
Ativantsgcousty such an expandable coat- 
ing can readily be used la a wide 
variety oif applications including insulating . 
iaminsted bags,, frozen food contaiaerSi ice 
cream and cold drink container! aa welt aa hot U5 
drink containers. Such foamable co«dogi are 
panicularty advanugcpui and beneficial where, 
m attractive, texture effect is desired, as they 
are readily applied in such a manner as to give 
a hon-uniforfn coating thickncu; for example^ I20G 
if they arc Incorporaied in a latex paint formu- 
lation ami applied to a surface utilizing a 
roller having a liExig nap, the coatitig hat a 
short term . variation in thickncti which on 
expansion gives riK to a corresponding varia- i25 
tion, in the expanded thtckneaa of the coating. 
The binders uriiiicd with the expandable par- 
ticles iri accordance with the invention must be 
' thiermoplastic within a temperature range 
suitable to the panicular panicle employed. 




Thit \$, . tor ttunpk. If • ihermopliitte 
retinoii* panicle .conuming » i dUtirKtjy 
tcpiraie liquid phiuc in eip«ndablc Itquid or 
blowing tgcnt' i> placed wiihin the coating 

5 which hJf 1 wfuning poim which it suftitan. 
tiatly Icit ihaa that o( the panicle/ thii ia 
: from about 7l>— ICX>*»C. lower than ihc wftcn- 
jng point of ihe panicle rcjln i relaiively poor 
/earned costing will rctuli. Ih luch ■ ate Ok 

10 temperature required to promote cxpan»ion or 
fekaw of blowing asent bv (he oahklea ia 
* au/ficieo(!y high that the vJKAtiy or the binder 
ofteottmci will be too. low for utiifaaory 
foamixig to occur, BecauK 6t thr relatively low 

15 viicotity'it the high tempera tiire the blowing 
igent which ii released from rupturable jiar- 
, liclei in acbbrdince with iHe invention difiuKi 
rapidly through the binder material at. it f« 
cooling and the re«ullim foam vtlume is 

20 generally lc«. ihaa that which could be .ob- 
tained if a rhore tuiubic binder werie utilixed. 
Although thi» ia beneficial, cvrtain exccptiona 
exiiv panicuJarly in aome of the plasitcized 
polyvinyl chloride compofltioiia whkh are 
.^25- relatively ireo ervioua tgLiM blowlin g ag ent iod_ 

*^who« Bow vfenifOTre^ 

- wiih temperature a» do bindcrt iiich as the 
yinylidene chloride -r vinyl chloride cbmpo. 
" aitioha. The expandable coatinp and coatinga 
30 containing expanded particles arc (tidily 
applied by the cprnmoh coating techniques. In 
coaiiflga where Uie eapanded particlea are 
utilized aome precaution must be obKp^^ to 
maintain uniformity of the coating cbmpoaitioh 
35 at the holloW paniclei exhibit a tendebcy^ to 
fioai. This tendency , to stratify ia aanrtewhat 
less than might bie generally prcsuppoaed par- 
1 ticuiarly in ciaca where the diameter of the 
particlea ia relatively amatt, that ia, below 50 
40 ffltcrikis. The viKoaity of such coating mixtures 
/ and BroWniad movetnem tends to make ttraii- 
' ficatjon a iloW process. Usually la the prtpar* 
ation of 'expandable coatina ia accordance 
with the preaem iQve&tioin it ia desirable to 
45 mainuin a suifioeot quantity of binder, in the 
coating; then . ob .'expaaaiod it will remain a 
coherent, adherent ^teciive Uyer.* Howererj 
by fcdudng the volume of the blading material 
to a point where it ia sufBcieot to bind the 
50 unespanded panicles but Insufficient to bind 
the expanded perticfea^ a coauag composition 
of thia type providea aa excellent temporary 
■ coating which can readily be removed by the 
applicaiion of heat. Bv way of illustration, it 
55 a metal suHke U to be protecsed by a tem- 
ponry coating which ia to be reowved without 
the applicatioa of solvent or other! liquid means 
a coatmg.of expandable particles in tuificicni 
• binder to mainuin a coherent coat ia applied 
60 to the iiirface. When the coating is to be 
'removed the temperiturd is raised to the pomt 
. "Where the Vpherical paniclei expand. If a 
relatively hoo-polar binder is dnployed.rthat 
ia, one with leta than maximum possible ad- 
65 hesiori to the roeial substrate, the binder will 



preferably adhere to the piftivlcs ai ihcy 
cipand. A» ihe vulumc o( I'K binder present 
(i insufllcient to maintain a cuhercoi ttim and 
the coating falls away aa a duit leaving a cleaa 
metallic lurface, the eipandable coatings of 
"the present invention inhertnily are intumev 
cent. If a railing or expanding agent luch u a 
ha logena ted compound i» employed aignificant 
lire rciardani propcniet are introduced. The 
foamable "coatinga prepared utilizing halogen* 
sted materiala^' are found to be excellent Are 
retardanti. 

Coating campositloni utilizing expandable 
pa/tides are alio bcnelicially employed for the 
fabrication of laminaica. For example, a lam- 
inate is itadily prepared 1)y coating a paper 
with ah expandable coadng. positioa^ng the. 
two portions of the coated paper with their 
coalings in contact and heating the iheeu IQ » 
temperature suHicicm to pauK the coatings to 
espand and fu>e together. 'Vhc rcitutaat 
larninate is strong, light in weight, and exhibits 
excellent insulating properties. Similar lani* 
inaties are readily prepared utilizing metallic 
foilS| synthetic reiinbua film, various papers, 
■«Ode*^eoeo^tDd*the like.-Sheeu having an 
expandable coating in accordance with the 
present invimiion may be treated by the selec- 
tive application of heat to provide vaho«ts 
decorative patterns. Kor example, a sheet of 
material having an unfoamed coating on the 
surface may be aelectivcly treated with heat to 
prepare limited and pattenKd foamed portiooa. 
This is readily accomplished by uiing a heated 
\ nt'yltu applied to the surface of the coated sheet 
remote from the cbadag or by the applicatioa 
of a heated patterned platen. Various desigas 
aixS indicia are readily generated. Particuiarty 
advantageoua is the use of a colored base sheet 
employing a dear coating formulatioa. On 
heatings the foamed ponions appear white or 
slightly . timed with the color of the base sheet 
an4 stand out in sharp contrast thereto. 
Alternatively a colortd coating compcNntton 
may be used and on foaming the intensitr or 
depth* of the color is greated reduced. Alter- 
natively, a foaimed coating may be treated b^ 
the selective application of heat to emboss it* 
and generate decorative psttems. For example, 
if a sheet having a foamed coating thereon 
has a black surface underneath the focm it 
will appear white, provided of course the foaa 
ia bf ade:quaie thickiicsa. On the applicatioa of 
a heated stylus or heated type the foam 
panicles collapse and thp eooting is clear and 
V the result appean as a black on white. 

The expandable panicles of the present 
"ihvctition are also advsntageously employed ia 
admixture with heat setting adhestvea, par- 
ticularly when adhesivcs are utilized oo 
relatively tineven surfaces such as wood. When 
the sdhcsives' coutaining a portioa of the 
expandable panicles are placed between two 
surfaces to be [bined and heat applied thereto 
the expansion of the panicles increasca the 
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buik of tt« adhcMve tnd forcct ic into contact 
with ihc lurfion la be loined. Thu* t»^ adyon; 
ugcj of cohvcniioiul fotming «<Jhciivc tech- 
nique arc giJned with the idditionit bcnetit 
5 iKat the •dhciivc may be ippUcd in thin lawn 
. and itill eiptnd in the dewrefl location. In a 
limilar nunaeV the expanded ct»tlngi may be 
utilised u idhc»ivei ihemklvei. If a tape oc 
•hect is coated on both tide* with expandable 
10 coatings and poaitiooed between .lurf acta to be 
joined, heac applfcd, ihe p«nick»««p«nd^bond 
. together and to the lurfacea, ihua providing m 
effect not only an adbeiive btn • gwket. Ad- 
vantagcoualy the, expandable pan'iclca of the 
j5 p>eKnt inveoiirn may bencficialiv be employed 
for the pr^pufttion of expandable rcsinouj 
ciDmpojitiona. If expantfible particlei of ij« 
pfciem inyentibo are incorporated into a ielf- 
reacting tsiitcrial which ia exoihermic, the.hcai 
20 of the reaciioo may be lufficieni to expand the 
. particle* whiie the exothermic rciinow au>- 
liahce i»" curing, ihua tew deniity foamed 
rcsinoua materiaJ is readily pitpared from 
rnaieriaU whkh ;*re wn wtly or ftadily 
25 foamed by obovehtional meihoidi. Aa con be 
readily realiaed, ihc amount of . heat liberated 
» by the reactive exothenniic material will control 
in pin the amount of expansion; If with the 
chosen compqiition the degree of expansion ii 
30 not as much ia could be reasonably expected ti 
may be desirable to riiie the temperature of 
the r«io. forming; material prior to its expan- 
sion, Particulariy advantageous and bcnehoal 
as exoiScTTriic matrix within which tn locpl^ 
35 porate the particlca of the ptwm invtnuon 
ire the epoxy rttiri systems. Heretofore . there 
has beea no convenient manner in which rigid 
ar flexibk epoxY t«in fo«m co^Ud be ge«ra^^ 
having a loW density sbch aa in the range of 
40 J— 3 pounda. per cubic , foot (l6-r*« «P/ 
cu m.) without the uic of prttrure equipment 
10 rest rain the mixture until foaming is desired . 
■ Uiiliiing the pirticlea of the preacm invention, 
a curable eppxy' resin mixture, may be filled 
45 with expandable panidei of the preKni in- 
vention, then witaWc hardener may be 
incorporated io cause die epoxy resia to. react 
, and generate luffideat hieat to expand the par^ 
tides and ciit into a rigid body. Altemauvely 
SO advanugeoui and bene6cial compositions are. 
achieved when leaa exothermic materials »« 
employed. For example, , if an epoxy r«m 
forinulatiod i« pitpared which cure* only to the 
'fl suge, that la, « ia solid ihcnnoplaatjc and 
55 will cure to t crota-Unked material on. further 
heating, a pi^er cin be obtained, which may 

' be uaed ia fiuid bed coating or, sprayed on to 
hot surface! where it will expand on, the appli- 
. cation of heat. Advtmageously, epoxy rem 
60 expaiadabW panicle compoaiubos ire par- 
ticularly uKfuI for encapfulation of structures 
such as electronic circuitry and the hie. Epoxy 
^ resin foam compwitipna prepared utilumg the 
particles of the present invention have low 
65 dielectric consunts, that is, in the range of 



about 1.07 to I. Ob, a >ai)if»ciory dlulpatlon 
factor for mwt applications, that u, a dissipa- 
tion factor of tbout O.fwii and • 
rtsiiilvity subirtantially greater than 10 oftfnt 
cmV Expandable coaiiiigs in accordance with 70 
the prtKDt invention are advantawously 
utilized in the preptrtiion of cupa for hot 
drinks. and. the like. Such cups nM^Y 
prepared by coating the paper from wWcn the 
cupii are to be prepared or alternatively coaung 75 
the cupa after fabrication. By utjluing an 
Bcueoua dispersion, of: a film forming Utex 
logeihcr with the expanded particles of the 
invention, ciijps may be prepared whkh are 
readily suckable ind occupy httle If any more 80 



spact than is normally occupied by conven- 
umal pap^r cups. Usually cupt having a 
foamable coating may bi: fabricated from 
lighter paper or pUiijc, ihat is. thinner paper 
or plastic and consequently weigh 
occupy less space. Cups having an expandable 
coating arc readily prepared for serxice by 
aublccting to heat immediately pnrr to use 
and after ihcy are unitacked. One panicuUrly 
advantageous embodiment of the U'^^'nion w 
iiKorporites.a cup formed from a tlun »)» 
sheet and having on at least a portion of iti 
outer surface a coating which will foam at a 
tcmperatufe of about 55'»C. With a coatwg of 
ihii nature it U possible to expand the cMting 95 
to give an insulating Uyer by a siinpIeaddii;on 
of a heated liquid to the container. Th« tn a 
dispenser for hck beverages such as coffee. It 
is only necessary that ihc. hot liquid be added 
to the cup in order for the insulating coaung to lOT 
appear. The disadvantages of a prefoamcd 
coaling are avoided as the nectttity of pre- 
treating the cups in an oven or the Uke pnor 
to serving. Generally low temperaturtfo^mg 
boatings arc most advantageously pftpaied 105 
utilixing cither the particles showiti| symmetn- 
cai encapsulation or asymmetrical encapwiation 
together, with a film forming lacquer or P««^ 
ably an aqueous latifx of o film forming poJy- 
mer which has a relatively low tnnsmiuion 110 
rate for the volatile expanding agent miJi«d 
in the particles. ^ . . 

Beneflfially, expandable or blowing agent 
containing particles which arc relatively soft 
and indeed which may never exist under nor- 115 
mai ambient conditions as individual disctete 
expanded bodies at a lempeniure above thctr 
softening point are readily utOited. Typtol 
compositions which 'are . beneficially employed 
for this application are those polymethyl 120 
aciylaie, methyl meihacrylate-meihyl acrylate 
copolymers io about a 1 : 4 ratio tn the copoly- 
mer and utilizing neopentane as » blowing 
agent, styrenc buiaidicne copolymer* havmg 
from about 20^ parts of styrene and ateui 125 
80— 40 paru butadiene and the Uke, The 
aofter copolymers generally do not have ex- 
tended shelf life or subility, that is, there la a 
relatively rapid tendency of these compositions 
lb lose their blowing agent to the surrounding 130 
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atmotphere.^owever, when admixed with • they do not eipanJ to the tame degree o.. i 

.maiertJil iuch' ai.^inylldene chloride^ copoly* maieria), without the dif unci iunal munomer. 69 
men iuch m' ih«e .flim forfning maieritli. The ihvcntiohji further lUuJiriied, but not 

€or)t«inin8 /rom^jO-^Pj percent vinylWenc limited, by the following eiampk*. Example 

9 \chlpridft with'tAoihcr monomer (opolymerfz- 44 ii inserted for compyiton purpoKt. 

able therewith/ vfrv utiifactory expandable t 
. ^ coAtiogs' in obuiaeJ. The tpfter matcriali alto Rxvmpls 1 

provtde fo«mabl« coatiaga if extremt shelf , A (Jbtyrncrization reactor equipped with an 70 

subifity la ooi /reqtitreidi Such parttdet, agitator wat Charged with 100 pana of de* 

10 although not readily (xptpdcd ai . fndWiduat ionizad water and 15 parta of a 30 weight per- 
'particlea, when \depoai ted on a cprivenient cent colloidal liHca diipenlon In water. The ^ 
lubatnte form a continuuui .5Im which, oti'; colloidal tiltca dtipcnion wu 30 weight per- ' 
further Ke«img, Wiir form a foamed coatins; cent lotidi and available under the lUgiitercd 79 

, AdvaaugeouaJy/ expahdtble tKertuoptattrc .Trade Mark 61 "Ludox HS**. To ihia mixture 

19 resinous bcAdi having « noh-poJar vulaiile wu added 2.3 parts of a 10 weight percent 
liquid, iocorporated therein nuy be. uiitlzcd as aqueous mIuii or) of a copolymer prepared from 

_ a metfu of haodltpg or adding t volatile com- diethaoAl amine and adipic acid in equimolar 

, iwneflt to another fyitem. For such ipplica- pr.)poiiijnj by carrying out a condentAtioo 60 

. tionsy it ta genertlly advaniageoui to rhatnialii r.ynion to givr a product having a' vbcosity 

20 ' as high a prbportioa by weight of the eiica|h . ol it^ut JOO centipoiiet at 25°C One pan of 

sulated blowint agent in the (Ktrtictes as .is a solution containing 2.3 weightpercem pou>-' 

. :poaiiblc. BenenciaDy. such panicles are prt- ' sium dichrpmate was added. The pH of the 

/ 'parpd. iii a subttahtiall^ identical manner with aqiicous solution was adjusted to.4 with hydro- B9 

the. cxccptibti that considerably less p^ chlork add. Methyl methacrylate waa utilixed 

25 :abte mooavner la utiUxed. The precise pro^ u the^ monomer. An oil phaae oiixtuiv was 

portipa of polymer to volatile liquid ernployed prepared utilizing 100 parts of methyl mcth- 
wiU dcTpenJ to i. major extent 00^^^ cdnuihing 20 » weight percent 
size of the pahkle and the diifusioei rate of oeopeataoc (27.6 , volume percent based on 90 

the blowing 'S*3Bt through the panick >atir the total volume of the moooiner*neopeoune 

30 .If the partidca are to be utilized in such 'a " mixture) and 0.1 part of benzoyl peroxide aa 

; mnner that they, are (ransferred directly frorh a catalyst* Th» bit phaae mistuae was added 
/ a sealed cocnaiaer 'to a suitable system iuch as, . to the^walbr phase with vtokot agiutioa sup- 
for example; if . they in being added to a ' plied by a blade rotating at a speed of about 95 

resihbua matrix tuch aa an epoxy resin, the .10,000 fpni. The reactor was* immediately 

35 difTuatba rate ol the blowing agent from the sealed and a portion sampled to determine the 

bead in a normal atmosphere may be rchtivcly panicle size. The droplets appeared to have 

high as the tiioEie, requifed to transfer particles diameteri of frorh 2 to 10 mtcrona. After the 

:frm;\thcf aiealed conttipcr to their ultimate initial dispcnion, the rcaaioa mixture waa 100 

dptixiatiba wiU.be soiaU arid any blowing agent maintained at a temperature of about 80°C 

40 lots «nU be propoc^^ low. Howerer, if for a period of 24 houn. At the end of thia 

longer term shelf, stability u de&ircd^of ^neoes- period, . the temperature waa towered and the 

sary the' pblynser . shell must b^ propoitiboaUy reaction mixture had the appearance of wltite, 

thicker for a given resin and offer suiuble millc^ liquid similar to a chalk-white millu A ]DS 

rcsiitanoe to thi diffusion of the blowing agent portion of the mixture was filtered to remove 

45 from the, panicle. Qfieatiraea it is adVamageom . the beads and the-heads subsequently dried in 

< to utilize larget particlea, that is, in this; an air oven ai a temperature of about 30^C A 

, .50*1000 mfereo range; for. such appHcatieria; portion of the dried beads were heated in an 

... the larxer particlea require less pilymer per air bren at a temperature of 130^C for about i\q 

unit Tolume of btowitig agent for identical loss 3 minutes. Upon heating,, the beads ihow^d a 

50 of blowing agent ratea. - / marked increase in' volume. Microscopic 

GoseraUyi in preparing particles with ttigh examiiution of the beads prior to foaming 

propbrtiooa of blowong agent, that ia, in exccu. indicated beads having diameters of from 

_ of 50 percent^ and more particularly In the about 2 to about 10, microns and having dts- 115 

range of 75—93 percent by voltimc of blowirig perscd therein a distirict spherical zone which 

55 .agent, it ta oftca.desirable to employ a mono- appeared to conft in liquid and a small vapor 

tner tystcm which 00 polyinerizaiion rtswts in space. The beaoa which had been heated were 

a crbsa liriked polymer shell. Such systcrns examined microscopically and were found to 

contain up to .10 parta of a cnnalinkihg agent hawe dtameteri of from about 2 to 5 timca the 12O 

auch.aa dWinyl betizene, prbpyieoe glycol di^. diaimeter of., the original bead and to have a 

'66 methaayl#tt or diallyl phthalate. Cornrary to relatively thtn^ transparent wall and a pseous 

the normal expectationa, s\ich' cbpblymen ari; centre, ijC., a monocell. 
generally hot ngidly oroaa linked, and on heat- Following the procedure of Example 1 the 

ing are capable of expansion. However, usually following products were prepared: )25 
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Eximple 



Monomen 



rirti 



Blowing Agenc Volume rcrccni RnuU 



Mcthylmcthacryl* 
flic (MMA) 

Styr«Be 

MMA 



80 

» 
90 



Ncopcnttnc 



Neopcnttne 



27.5 



31.3 





Eihyl melhacryl* 
ate (EMA) 

Di vinyl benzene 
(DVB) 


10 

0.05 






4 


M.MA 
E.MA 
DVB 


10 
90 
0.05 


>» 


31.3 


5 


EMA 
DVB 


100 
0.05 




36.5 


6 


MMA 

o-Chloro5tyrcnc 
DVB 


90 
10 

0.05 


it 


31.7 


7 


MMA 
o-QUorostyrene 


10 
90 




29.3 


8 


o-Chiorosryrene 


100 


tff 


35.3 


9 


Vinylbcazyl 
chloriJe 


100 




35.4 


10 


MMA 
Acrylonitrile 
(VCN) 
DVB 


90 
in 

0,025 


NcohcMoe ^ 


29.8 


11 


MMA 

VCN 

DVB 


50 
50 

0.025 


n 


28.4 


12 


MMA 
j>-totttry butyl 
stymie 
DVB 


90 
10 

0.05 


i» 


29.9 


13 


M.MA 
p-tertiafy buryl 
ityretie 


70 
30 


1* 


39.6 


14 


MMA 
Vinyl aceute (VA) 
DVB 


80 
20 

0.05 


NeopcntaAC 


31.3 


15 


MMA 
VA 


to 

90 


t* 


31.2 


16 


MMA 
Buryl acrylate 
fBA) 
DVB 


90 
10 

0.05 


«• « 


31.05 
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A»ynunc- 
trical bcftdA 



Sym/nc" 

tnol 

bctda 
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>50 uym. 
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Example Monomcr> I»i»ris Ulowina Agcni Vulume I'crtenr Rcvuli 

17 MMA 100 'Ncopenitnc. 39.45 A»ym. 

^8 M it Uopcmane 21. 1 AAym. 

'9 I. n *' 27.) Sym. 
20 



0.0) Dichlorotetra* 
ituofocthane 
(DCTFE) 



25.4 



21 Stryene 100 Neopentwie 38.8 Aiym. 

DVn 0.05 

22 Sryrctie 100 DCTFE 61.4 * 

DVB 0.05 

23 Styrene . . 100 NeohCTane 37.45 
Ethylene glycol 0.3 

dimeth«crylate (EGD) 

24 Scyresc » JOG Ncopcnuiw 23.0 , Major 

Asyra. 

25 Sryrcne 99 

Meth»crylic Add I „ 23.0 Sym. 

(MMA) ' 

26 Scyrtoc 96 „ 33.0 Major 

MAA 4 ^'"^ 

27 Styrtnc 84 „ 33 .0 Major 

Asym. 

MAA 16 ' 

28 Styrene 83 39.44 Sym. 

MAA 2 

VBO 15 

DVB 0.05 

29 Styrene 99 38.8 
Acrylic Acid (AA) 1 

30 Styrene 98 „ 34.05 Sym. 

AA -2 

EGD 0.12 

31 Styrene 93 DCTFE 36.6 Sym. 

MAA 2 

DV3 0.05 

32 VinyUdene Chloride 91 Neopcntane 36.6 Sym. 

JVC a J 

VCN 9 

33 VA 70 31.2 
MMA 30 

34 VA .100 „ 31 .2 



)2 



1,044.630 
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MMA 
AA 



98 
2 



hobutylcne 



26.8 



36 


mMa 


98 


n- Butane 


3.85 


37 


Styrtne 

MAA 
DVB 


98 
2 


l|]-dichloroieirtt* 
fluororJiytcne 


38.0 


38 


Stynac 
MAA 


99.6 
O.i 


Neopehtane 


33 


39 


o-Chtoro»tYrene 
MAA 
DVB 


92 
8 


•» 


37.8 


40 


Scyrcnc 
VCN 


2 




n n 

i } .U 


41 


StvrcM 
VCN 


90 
10 




33,0 


42 


Styrene 
VCN 


20 
80 




38.0 


43 


Styrene 
VCN 


60 

40 




12.8 


44' 


Styrtne 
VCN 


60 
40 


n 


6.8 


45 


Vtoyl chloride 
(VQ) 

vca. 


30.6 
45.6 


ft 


30.4 


46 


MMA 
VeO. 


100-10 
90-0 


m 


54—39.5 


47 


Methyl Acrytatc 


100 


Ncohexane 


59.5 


4S 


Methyl AqyUce 


100 


It 


32.9 


49 


MA 

MMA * 


90—70 
10-30 


IsopcnuDc 


31—33.8 


50 


MMA 
EGD 


90 
10 


Kcopcotane 


60—96.3 


51 




80 
70 


i» 


32 


52 


MA 

VCN 


10-90 
90—100 


»> 


30.8—33.9 
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Sym. 
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npsuUtion 



Sym; 

Sym, 
Sym. 

^ Sym. 
Sym. 
SyiTL 
Sym. 



■I 

t 




n 



A polymcflrtiion rttcilon w« chirged with 
■. lOO pani of deionized witcr Jivi 15 grimi oi, 
. • 30 percent by wtighi colloid a I silic* diiper-. 
lion, rp (hit mfiture ^ddcd 2 1/2 parii 
-of * copblymef pftjp«red from dieihtaol gmine 
•nd Miplc tcid m cqutmorir proponiorili lo 
H'v« * pf oJuct hivinj a vitcofity of tboui 5 

: centipoJtei it 23°C One (1) p«ri of a solution 
Vcontiining 2 1/2 perctnt potanium dichrcmate 
>ai ftdd[ed lo the polymerixaiion reactor. *I"he 
pH of the toucotia mixture wu adjusted to 4 

, , by addition of hydrochloric acid.' Seventy-ieyen 
.'(7^ p*na of a monomer miiture compriiing 
70 percent by weight of acryioniirilc and 30 

, "percent by v«tghi of vinyUdene- chloride '.wu 
cikulyxed Mrjfh orie-half to 1 percent of 2.2 *^ 
aio . Ml • iioburyro nitrtle. To thii monomer 
miaiurc w»» added 23 weight percent (30.3 
■volume percent) based on the weight of the 
Oil phaie of nropeniane. .The ttaciion mixture 

, w»i tubjected to riolent agitation by a blade 
jptatibg ai a .vpeed of about 10.000 rpm.; A 
(>onion pf the cootenu wai. tarn pled to deter* 
mine ptrtkle tiv and the reactor inunediaiety 
.ie«'ed' vT^* niononwr neopeniane"^ droplets 
appeared to have diameten ranging from ibbut • 
2 to about 5 microns. The reaction miitiurelwas , 
maintained^ at ii tcmperaiure of about SSfC 
for • period ^f .24 hours. Gentle agitation was 
maintained during this itactiyn period and at 
the end of the reaction period/ the tempert turi 
of the mixture wai lowered to about 30*0.. The 
reaction mixture had • chalky* white ftppear- 
ancc limiUr to.miU. A portion of the miitiure' 
wai filtered to remove the »mall beads and the 

. beads aubaequetitiy placed in an air oven at a 
ternpentune of about 30^C. A portion of the 
beadi wta heated to temperature of about 
ISO^C for a period of about 2 minutn..At 
•hii terhpera'ture the ^ida expanded and 
t urncd dar ^T»e, product, prior to hetiing, 
appeared under « hght microscope to have a 
Hne structure to the lurfice, and containeid a 
liquid centre of ncopcmane. 

EXAMPLS 34 

Beads prepared in accord tnce with Example 
r were confined wiihia a niald in a quantity 
sufBcient to nil the mold when expanded. TJ^ev 
were heated to a tcmpenturc of about i40<'C. 
for a period of three mihutet.. The 'mold and 
. contenu were cooled ar^ the resultant anicle 
was fotmd to conform to the smooth configur- 
ation of the mold. Ii had a white appearance 
and the titf cells were not readily detectable 
by nrieana of the naked eye. It was sirohg, 
durable and apparently had a . smooth surface. 
Oh ^isicfoacopic examination the individual 
ptrtk^tes appeared to be tightly bonded^t^ 
gethc^ each forming an individual cell! 

EXAMPLB 33 I 

Expanded polymethyt methacrylate panicles 
prepared io accordance with Example 1 and 



hiving diameters of 2—3 microns and ,i voiJ 
10 polymer rmo of ipprusimaie'iy 20: 1 l.e., 55 
a bulk density of ipprmtinutcty U.C6 were ad* 
mixed with water in a ratio of 15 parii by 
weight of particles to 85 parts of water. Pifiy- 
cighi parti of the retultsnt dlipersion wcr* 
admixed with 28.6 pans of a lyninctJc mine jj 70 
latex prepared from 67 pana by wetghc of 

. ethyl ii;r7)aic and 33 pans by weight of 
'methyl mcthacrylite. 'ITiis lstc« was 50 per. 
cent solids. 1 3 5 Parti of 3 2 percent 
by weight hyJroxypropylmcthyl cclluloac 75 
solution was added to the latex ex- 
panded panicle dispersion. The methyl 
cellulose served as a viscosity controlling agent 

" to pcnnit brushing. The resultant material 

] wt% then bfuahcd on to a half inch diameter 80 
(1.27 mm.) copper tube and permitted to air 
dry. This procedure was repeated resulting in. 
a coaling about It miti (0.2 mm.) in thickness. 
A ponion of the half inch copper lube was 
coated with the laiex store until a coating 85 
thickness of 8 mils (0.2 mm.) was obtained (dry 

. thickness). Water at a temperature of about 1 
to 2^0. was then pumped through the tube 
while thie tubing was maintained in a room 
having a temperature of about 22*C The 90 
surface temperatures of the coated and un* 
coated tubing %kre measured by means of a 
surface pyrometer. The bare copper surface 
temperature at the itiiet and outlet of the tube 
measured 4 1/2* and 5 1/2®C. respectively. 95 
I'he. latex coating measured about 9**C where- 
as the surface of the coating containing the 

expanded panicles measurtd 18 1/2*>C. 



ExAMrtB 56 
A ponion of the xoaiing composition of lOO 
Example 55 employing the expanded particles 
was applied ,to bond paper aod permitted to 
air dry at about 24»C. to result in a coating 
about 5 mils in thickness. The resuluat coating 
alrnbst totally obscured printing on the bond 105 
paper, adhered well to the paper, and provided 
an insulating coating ihereoo. 

EXAMPLfi 57 

A coating composition was prepared utilizing 
uncKpanded dry particles as prepared in 110 
nxamp^c t, wherein 50 pans by weight of the 
particiei were admixed with 122 pans of an 
aqueous laiex, 41 percent solids which was 
prcparird by utilizing 50 percent by weight 
methyl mnhacr;fate, 46 peroent by weight fl5 
noniut butyl acrylate and 4 percent by weight 
acrylic acid. Two coatings of this formulation 
were applied to the outer wall of a paper cup 
with air drying between the coats and a/tcr the 
lut coat. On heating the cup to a tempenture 120 
of 130<'C. a white opaque foam coating was 
obtained which provid.- i adequate insulation 
for hot beverages such as ofTee. No tendency 
was observed for the coa:< • to peel or other* 
wise be removed from ir; .... ncr. 17S 



u 



EXAMI'LII 5A 

In .1 manner similar to the forrgoing 
example, utilUihg ihc ,70: )0 copolyrrer of 
' methyl aery l«te and mcihyi m.e!hatr>l3te, i. 
5 thin plaitJC ciip made tnim a graft cnpolymcf 
. ,oi 95' percent iiyrcne on polybuiadienc rubber 
waa iim\\v\f coated and ivb)Cqucnt!y expanded 
»! 70*C. to provide commensurate bchchcial 
reiultt. 

10 EXAMPLK 39 

The coaling .composii ion at \ix2mpk- 55 
wka brushed over the eritirc.outilde ivu^ace of 
a paper cup and the^'nside of ah (Jcniical paper 
c\ip uniil a coating thickness of ahout 5 mils 

19 (0.13 mm.) wU obtained oh each cup. The 
; cvp« were then nested with the coated surface* 

adjaccnc and (King each L*ihe>. The nc^ed' 
cupj were placed in an air oven at UO^C !>€ 
coatmga e«parkded, and (uaed.jo~KC(her forminji 

20 a rigid unitary anicle. The resultant laminated 
cup wii strong and rigid. Similar beneficul 

. results, were ioHbtaincd when jheeij of paper 
were treated in a similar manner and the 
coattop foiarned in contact with each other. 

25 EXAMPLH 60 ^ 

The procedure of Example 58 was repeated 
wherein, the viriqua binders were employed 
includtiig a latex about 45, percent soltdi'>rc- 
pared by polymerizing 40 percent styrenc artU 

30 60 percent 2 . ethylhcxyi acrylaie, a laics 
about 40 percent solids prepared by polvrrichx. 
ing \5 pans of styrciic, 55 parti of isobutyl 
acrylatCi and 30 parts of acrylic actd* a latex 
prepared by polynwrizing 60 parts of styrene 

39 and 33 pans of butadiene. 

ExAMn.8 61 
. A coating composition wa& . prepared using 
166 piuts by wrighi-o/ a suspeation the 
expandable panicles prepared in Hxampte 1 

40 wherein the solids concentration was 30 percent 
by weight. 120 pans by weight of o laiex;'4l.7 
percent solids and prepared by the cnpoly* 
n\eriiaiioh of 40 pans of styrene and 60. pans 
of; 2 ; ethylhexyl acrytaie^ arid 15 pari* hy 

49 wei^t of a 9 percent by »xight solution of a ' 
sodium polytcrylate commercially available 
under the trade designatibn,ol "Acrysol GS**. 
{**AcTy»ol** is a regmiered Trade Mark). This 
coating feirmulstion was applied to a wooden 

50 paoel which had been previously coated 'with 
two coats of a blue colored lacquer. This cost- 
ing adhered welt to the surface, showed no 
tendency to crack or peel therefrom, but on 
Keating with a blast .of hot air the particles in 

59 the coating expanded, and the coating released 
from the surface leaving the clean surface of 
the blue lacquer. In a similar manner, rkisI 
panels wene coated with the abore-mcmioned 
competition acid dried to provide a continuous 

60 protective film. On heating of the coatings 
they released from the surface to leave a clean 
metal surface. 



, HXAMPLR 62 
. A mixture was Prepared utilising 200 pans 
i t a 55 percent solids natural rubber Istcx, 50 65 
pan I by weight, of dry urwxpanded psnklea 
prepared in accordance with Example I, two 
parii uT a rubber aml-oxidani io!id under the 
(trade desigh.li ion of "WIngitay S" and 50 pans 
b^ weight, of, water. ("Wlngsiay** Is a rtjiiiercd TO 
1 fade. Mark). /ITKse components were mixed 

. ii> • uniform dispefiloh arid coagulated by the: 
odd It inn of- hydrxhlorlc acid while sgltatfng. 
When this . dispersion was completely co» 
agulaied, the coagulum wis separated and 75 
vacuiint dried ai about 23''C. for 48 houn. A 
rectangular ponion was cut from the dried 
mass having the relative dimensions of 1, 2 
and '4 and placed in an air ovea at a temper* 
ature of 165°C. for 5 mlnuics. An entsrged 80 
rcpliis of the original piece was formed which 
had a density of 18.3 pounds per cubic foot 
(292 tift /cu.m.). It waa observed that the 
expanded material was stlfTer than prior to 
c'xpaniinn. while still retaining elaitomerfc 85 

, characteristics. The compressive strength 
(if ' the expanded material was stgnificamly' 
higher than most sponge rubbers. Microscopic 
examinatibn qt sections of the body indicated 
ihui the expandable panicles maintained their 90 
identity. Other samples of the above'<iclinested 
ciwnpo^iiiith were fiiamed by means of dielectric . 
Iicat. to dchsittcs of about 14 pounds per cubic 
foot (224 kg./cu.m.). The urtexpandcd ponions 
varied in thicltne^« frtvh about 1/4 nf an inch 99 
to imc inch (0.6) to 2.5 cm.). 

£X.\MPLB 63 
Ortc . hundred pans by weight of an epoxy 
resin' composition was prepared utilizing* a 
rniitture'of a condensation product of Bisphenol 1 
A and epichlnnihydrin under the designation 
of n.:?.R. 331 (Registered Trade Mark), 3 
parts by weight of water, 12 pans by weight of 
tiriethylcncdiamiiw aitd 16 parts by weight of 
dry panicles prepared in accordsrKe with 1 
Hxaihple. 1. Mixing of the above components 
resulted in a fojmable material that expanded 
tt* a rigid foarn having a density of about 2 
pounds per cubic foot (32 kgs./cu.m.). . Aa 
alternate rncihod uf furmulating the expandable U 
epoxy compos itton i| to employ s minor por- 
tion of the tricthyk-neteiraamine such as two 
pans hy weigKt of the tricthylcneicirnamine, 
» paniat prepolymer is formed having a sig- 
niticantty incre.i»cd viscosity. 5ubv^uent addi- 1IS 
lion of (he remaining 10 paru of the .tri- 
ethylerKtetraamine ' causes the gencrstiots of 
sufitcicnt heat to cxpsnd the panicles and 
provide a rigid epo:;y foam. 

Example 64 i 

A polyrhcri nation reaanr equipped with an 
agitmor was charged with 100 parts of de* 
innixcd water and 60 pans of a 30 weight per* 
cent dispersion of colloidal silica in water. The 
colloidal silica diipci^n was 30 pcrcrnt by 125 
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wiih Wel»ni i?;*;,;!- *ire/ phjic 

rcK.or"J/fa^PSj|.«,:*^, '°;'»<» I'm- jj^: 

Willi- d.wJ' f^. V'?!^^^^^^ After ihi' 



ployed. Aciv,n..geou,|y /.„,T/"T' 
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«hii pJriod^tK, .^.y' 'h« Hid of 

while miily ,;»^*.2!^,.^.«PP»»«nee of r 

"Wtrical encapluiation On k?* "r^- 
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♦oluWHijr of the Dolyme, kT™. «»••' 
. «« obiaiSed. \5^ih MH;;2? •£.'/'•*'«•' bead 

the eup-Ukc panlTlcJ "J!««''-««Mo,ni 

M« K«ed in la^lSJ.i?'"^!'"?' «« whe» 



jWAT WB CLAIM rS:- 

portion of a noS ^Lil*** ''?'«"» » <»!»• 110 
b«owinr,gt„,°Lhth 5^ '^•'^'e "fluid 

polymer. ^ •ofieiwnj po/nt of the 

Jew ihan 20 ir cent bl^Ji " not " 

loial volume of he SiiSL?',^..,'»*»f«' « «he 

• «he r>U>^%Zt^^J^'"' ' "bei^in 
• V'^.'^'nc.l'.hiu'JTS^'Vo.w* w/thio 

.h*d?&vrS^?S^^ 

20 microw. panicle ti beiwccn 5 And 
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1 > ^ •> cUimed in any one of Qainii 

li 2| 3 or 3 when in ihe ihermbpluiic .'CTinou* 
matcriil comoriMs poiy»t>rene. 

?• A P^f^i^v ai cUi'mcd in tajr one ol Clafnrii 
1 (0. 0 wherein the thermopUuic ftiihou* 
nuteriiJ compriici a polymer of methyl mcth* 
acryUte. 

9. A panicle In accordant with any one of 
CUima I to 6 wherein the themibpUii»€ 
f«inoiji material li a* copolymer of methyl 
meih*crylate with, ityrene, ethyl mcihacf>l«ie, 
9 • chlorostymr, acrylonitrile, p: . tertiary- 
buiyl«y«oe» vinyl acetate, or buty acryUteV 

'2' A P«"*c'«.in iccordahcc with any one 
of Caimi r to 6 wherein the ihermopUiiic 
reilnoui materia) it a copolymer of iivrm wii*V 
mcihacryJic acid. acrytonitriJe, vinylbeniyi 
Chloride^ or acrylic acid. 

11. A particle in accordance with any one of 
Qaima 1 to 6 wherein ihe thermopliiltjc 
reiinous material compri»«! a polymer of 
•crylonitrile and vinylidene chloride. 

12. A particle in accordance with any one of 
Oaimi I to 6 wherein the thermoplastic 
fcainoua material ii a polymer of vinylbehiyl 
chloride. - 
- '?:^.P*"*^^ "* »ccofdance with any one of 
Qaimt I to 6 wherein the thermoplastic 
resinoua material is a copolymer of a . chlbro^ 
scyrtne and acrylic acid. 

14. An asacmbJy comprising a plurality of 
the prticlet claimed in Claim 4 in clokjy 
ipaccd . adiaccnt relationship, a thermoplastic 
rcsiruxii binder surrounding^ at Jeait a mafor 
pcrtibn of the panicles and adhering ihe 
paniclea together. 

13. An aaaembly as claimed in Oaim 14 
wherein the thermoplastic rejitiious binder is 
•dhePBd'to at lean one surface of a substrate. * 

16. An asacmbly as cUimod to C!aim* 15 
wherein the panicles arid binder form a sub- 
itantially continuous layer. 

17. An.aaaembly as cUimcd in Oaim 13 or 
Qatm 16 wherein the substrate is a fibrous 
celluJosic material or a ihermopUsiic rninous 
material. 

IS, An assembly as cUimed in Qaim 13 or 
Claim 16 wherein the substrate ia a container. 

19. An aaaembty as claimed in Qaim 18 
wherein the thermoplastic resioouj substrate is 
In the form of .a drinking cup. 

20. An assembly comprising a plurality of 
Jh^^-paniclcs claimed in Oaim ■* dispersed 
wiihio a hardebable resinous material. 

21. An assembly as claimed in Claim 20 
wherein the hsrdenable irsinous material is an 
esotiierTnic miiterisl whiirh, on curings provides 
suflioent best to cause the particles to expand. 

22. An assembly ss cUimed. in Qsim 21 
wherein the hsrdenable resinom msterisl is so 
epoiy pcsin. 

23. A; coating comprising a pluraliry . of 
thcrmopUstic resinous panicles having encap- 
sulated Uierctb a non-polar votariJe blowing 
ageor as a distinct arvl separate liquid phase. 



the panicles being adhered toother by means 
of a llexible thermoplastfc reunoua binder, the 
binder being present in s proportion just tuflW 
cicnt to adhere tKc panicles together and 
adhere them to a lubsirate. 
.24. A method for the preparation of mon^ 
cellular expandable (hersiopUatic resfoous 
polymer panicles comprising dispersing a 
pol ymcr liable (nphomer cbncsiofog between 20 
and 93 per cent by volume based on the volume 
of the nil p,hax of s non-polar volatile blowing 
agent- in ■ flori'solvcnt dispersing medium to 
forfn a plurality of droplets and polymerizina 
the droplets ir form rigid generally sphericai 
* polyrrier shelL% containing encapsulated there- 
in a discrete, liquki phase of the non-polar 
volatile blowing agent. 

^ 23. A method as claimed In Qsim 24 where- 
in the mbnomcrtc nUterial conuining the 
vobtile blowing agent is dispersed in ao 
aqueous disjxrtion medium uiiiixitig a suv 
pending agent adapted to give limited coalcs- 
ceoce^ lechniqiie to provide s generally narrow 
raige of panicle size distribution. 

26: ,A method as claimed In Qatm 23 
wherein the limited coalescence dtapcnlon 
system provides droplets having a panick 
diameter of from 1/2 micron to 3Q microns. 
- 27. A method of preparing ah expandable 
ihentiopJastic resinous panicle having s>"Tn. 
metrically encapsulated therein a quantity of a 
non- polar liquid voUtile blowing agent com- 
prising poIymerizating,meihyl methacrylaw in 
the presence of from 20 to 93 per cent baaed 
oh the volume of the oil phaae, of the volatile 
blowing agent therefor while ti^ monomer and 
blowing agent are dispersed in the form of 
sphericsl driblets in an aqueous suspending 
medium. 

28. An expanded* thermoplastic resinous 
panicle having a generally spherical cup-like 
configuration. 

29. A panicle u daimed in Claim 28 having 
a generally ciroJar opening. 

, ; iO. A method for the preparation of mooo> 
ceUular ihemjoplastic polymer paitides sub- 
stantully as described with rtfereecc to any 
one of Examples 1 to 43, 43 to 33 and 62 to 
64. 

31. Monocellular themoplasttc panicles 
whenever preparpd by the method claimed in 
any one of Oaiiss 24 to 27 or 30. 

.32. A method of coating ankles substsntially 
as descnbcd with refereoce to any one of 
. Exampirs 53 to 61 and 64. ^ 

35. Articles whenever coated by the method 
claimed in Qaim 32. 

34. Monocellular thermoplastic polymeric 
paniclea substantially u deacribol with refer- 
ence to Figures 1 and 2 or 3 ar^ 4 of the 
accompanying drawinp. 

35. An asacmbly as claimed in Oaim 14 
tubsiantially as described with reference to 
Figures 7 or 8 and 9 of the accompanying 
drawings. ' 
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